Introduction {#s0005}
============

Urolithiasis is a worldwide problem, affecting all geographical, cultural and racial groups [@b0005]. The lifetime risk is 10--15% in the developed world, but can be as high as 20--25% in the Middle East [@b0010]. Nephrolithiasis is largely a recurrent disease with a relapse rate of 50% in 5--10 years and 75% in 20 years [@b0015; @b0020]. CT is now recommended by many as the initial diagnostic imaging technique in patients with suspected renal or ureteric calculi [@b0025; @b0030]. Unenhanced CT has a sensitivity and specificity of 97% and 96%, respectively, for detecting urolithiasis [@b0035]. Currently, CT is the reference standard method for diagnosing urolithiasis, but it is also the major source of exposure to radiation during medical imaging [@b0040; @b0045].

Renal colic commonly affects young adults and it has a high rate of recurrence, reaching 50% [@b0050]. The repeated use of unenhanced CT for imaging patients with renal colic creates a risk of high radiation exposure on standard-dose CT (SDCT). Katz et al. [@b0055] stated that 4% of the patients in their study required repeated (three or more) CT studies for renal colic. Therefore, many authors have assessed a low-radiation dosage protocol for evaluating flank pain and detecting renal stones. Low-dose CT (LDCT) has become the standard for diagnosing urolithiasis, with various protocols and LD settings resulting in a different radiation exposure [@b0055; @b0060; @b0065; @b0070; @b0075; @b0080; @b0085; @b0090]. CT tube current is the most commonly adjusted scanning variable for reducing the radiation dose in CT. The radiation dose is linearly related to the tube current, so a 50% reduction of tube current implies a 50% reduction in radiation dose [@b0095]. The tube current for dose reduction can be adjusted by manual selection of a lower fixed tube current or with automatic exposure control.

In recent reports authors still claim limitations to LDCT for diagnosing urolithiasis in obese patients [@b0085; @b0100]. In these studies, older CT scanners (four-slice multi-detector CT) were used for image acquisition. Most of the studies comparing SDCT and LDCT did not use the possibilities of automatic tube-current modulation that is available in modern multi-slice CT scanners. Using this automatic current modulation gives the possibility of reducing tube current without changing it manually, depending on patient weight/body mass index (BMI) [@b0105].

The purpose of the present study was to evaluate stone detectability, size, location and density with unenhanced CT using the LDCT (half dose) compared with SDCT, using a 64-row multi-detector CT scanner, in obese patients.

Patients and methods {#s0010}
====================

Study design {#s0030}
------------

This prospectively designed study was conducted between January 2009 and August 2011, and included 50 patients (37 men and 13 women; mean age 43.8 years, SD 11.2, range 19--73) with a BMI of \>30 kg/m^2^ and bilateral urinary tract stones diagnosed with SDCT, who were managed on one side. Unenhanced scans of the abdomen and pelvis from the diaphragm to the symphysis pubis were taken for all patients with the automatic SD protocol before intervention. Thereafter, all patients had unenhanced LDCT of the urinary tract during the follow-up, after intervention on one side. Images of the unoperated side were used for comparison between SDCT and LDCT; SDCT images were considered as the reference standard.

Imaging technique {#s0035}
-----------------

The study was conducted using a 64-multi-slice helical CT scanner (Brilliance, Philips, The Netherlands). Imaging parameters for both SDCT and LDCT studies were the same (120 kV for all patients) except that the tube current was manually reduced to obtain half the radiation dose. The slice thickness was 5 mm with a 2-mm overlap. To measure the radiation dose we used the radiation-dose descriptor, termed the CT dose index, that integrates the radiation dose delivered both within and beyond the scan volume, and is the principal dose descriptor in CT, automatically calculated by the machine.

Studied parameters {#s0040}
------------------

All examinations were reviewed on a picture archiving and communications system (Magic View, GE, Milwaukee, WI, USA) by two experienced radiologists, and the patients were diagnosed by consensus. To measure the attenuation value we selected a region of interest for each stone, drawn manually and that included most of the stone, sparing its margin. The same window width and level were used for reading the SDCT and LDCT images. The radiologists viewed all images, compared the same level of the two studies at the same time, using the 'compare mode', and reported on the number, size, density and location of each stone at both studies for each patient.

Statistical analysis {#s0045}
--------------------

The SDCT scan was considered as the control for each patient, and the readings of the LDCT scan were compared using Student's *t*-test. The results of the statistical tests were considered significant at *P* \< 0.05.

Ethical considerations {#s0050}
----------------------

Fully informed consent was obtained from all patients and the local ethical committee approved the study. Authors received no funds and have no conflict of interest to declare.

Results {#s0015}
=======

The characteristics of the stones on the unoperated side are shown in [Table 1](#t0005){ref-type="table"}. Stones were located in the right and left sides in 27 and 23 patients, respectively. In all, 35 patients had a single stone while the remaining 15 had multiple stones. With SDCT, 95 stones were detected and their size is given in [Table 2](#t0010){ref-type="table"}. There were 45 stones of ⩽5 mm, 46 of 6--15 mm and only four of \>15 mm. LDCT barely detected three stones of \<3 mm, compared with SDCT ([Fig. 1](#f0005){ref-type="fig"}a and b), while larger stones had the same appearance on both scans ([Fig. 2](#f0010){ref-type="fig"}a and b). The site of the stone in the kidney or the ureter did not affect its detection in LDCT in comparison to SDCT.

A comparison between the variables of SDCT and LDCT is shown in [Table 3](#t0015){ref-type="table"}. The mean stone diameter was identical with both techniques. At LDCT, all stones were detected with no difference in their number, location or density compared with SDCT. However, the tube current and radiation dose were significantly lower with LDCT.

Discussion {#s0020}
==========

In this study we compared LDCT and SDCT in obese patients with stone disease. The radiation dose was significantly lower with LDCT than SDCT. With both protocols there were no statistically significant differences in stone size, side, site, number, density and diameter. Only three stones of \<3 mm were barely detected with LDCT, in comparison to SDCT.

Stone disease usually affects younger people and has a tendency to recur. Patients can undergo helical CT of the abdomen and pelvis many times, and thus the use of radiation in these patients should be judicious [@b0070].

Denton et al. [@b0110] raised the concern of a greater radiation dose with helical CT than with conventional IVU. They found that the average effective dose of unenhanced helical CT was more than three times that of three-film IVU. The mean effective dose for an IVU examination is reported as 2.6 mSv [@b0115], while the estimated effective dose for SDCT is 8--16 mSv and for LDCT is 0.7--2.8 mSv [@b0120; @b0125].

Niemann et al. [@b0105] stated that the effects of CT dose reduction in obese patients remain unclear. With the current use of automatic tube-current modulation techniques, concepts of absolute effective dose reduction are difficult to apply in all patients because of differences in the BMI of patients. Some authors [@b0100] reported that patients with a BMI of \>31 kg/m^2^ should not undergo LDCT to assess ureteric calculi. Poletti et al. [@b0085] studied LDCT vs. SDCT in 13 patients with suspected renal colic and a BMI of ⩾30 kg/m^2^, and their results support the observation of the previous study.

In the present study, the mean reduced radiation dose was 5 mSv, which is higher than in the previously reported reduced-dose protocols. We used variable tube current to obtain half of the radiation dose from the automated dose generated at SDCT, while previous studies used a fixed low tube current. In our study we modified the dose according to body weight and this yielded an acceptable image quality that allowed a high diagnostic accuracy (100%) in our patients.

LDCT has some disadvantages in the acute-care setting with stones of \<3 mm in diameter, and is less accurate for determining stone size than SDCT [@b0085; @b0090]. In our study, all stones were detected with the LDCT technique, when compared with SDCT.

We measured stone density at both SDCT and LDCT, and all stones showed insignificant changes. The LDCT scan did not affect stone detection due to the great difference between the stone density and adjacent tissue.

SDCT is the most accurate for assessing ureteric stones; this technique is probably the most appropriate method of reference for comparative studies [@b0130; @b0135; @b0140]. In our study all ureteric stones were detected accurately, but all the ureteric stones were \>3 mm in diameter. The site of calyceal stones made no difference in their detection with both the protocols.

To the best of our knowledge, our study is the first to assess the two methods applied routinely during the patient's examination, unlike other studies that expose the patients to unnecessary radiation, use a phantom, or use software modulation of the radiation.

The limitation of our study is that relatively few patients were included, and that we were aware of the results of SDCT when reading the LDCT scan.

According to our results, we recommend using unenhanced LDCT (50% dose reduction) for obese patients with stone disease, especially during the follow-up after treatment, for detecting residual or recurrent stones. This protocol allows an examination of the patients with a radiation dose as low as that of IVU, and with high accuracy in comparison to SDCT. Further evaluation is recommended to study the effect of a further dose reduction and the effect of stone composition on stone density at LDCT.

In conclusion, the results of this study suggest that LDCT (using 50% dose reduction) is as accurate as SDCT for stone detection, and for evaluating size, density, number and location in obese patients with a BMI of \>30 kg/m^2^. It is better to use LDCT in the follow-up of stone disease, but SDCT is still required until a multi-centre large series is evaluated to confirm the accuracy of LDCT.
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![Non-contrast CT of the kidneys shows a hyperdense small stone (2 mm) at the left middle calyx, which was adequately visualised on SDCT (b) better than on LDCT (a).](gr1){#f0005}

![Non-contrast CT of the kidneys shows a hyperdense stone (8 mm) at the left middle calyx, with adequate visualisation on both SDCT (a) and LDCT (b).](gr2){#f0010}

###### 

Characteristics of the stones on the unoperated side.

  Characteristics   No. of patients
  ----------------- -----------------
  *Side*            
  Right             27
  Left              23
                    
  *Number*          
  1                 35
  2                 6
  3                 3
  4                 2
  5                 1
  8                 2
  10                1
                    
  *Location*        
  Ureter            8
  Renal pelvis      5
  Upper calyx       10
  Middle calyx      30
  Lower calyx       42

###### 

The distribution of renal stones according to the size.

  No. of stones   Stone size (mm)
  --------------- -----------------
  11              \<3
  34              3--5
  32              6--10
  14              11--15
  2               16--20
  2               \>20

###### 

A comparison of different findings at SDCT and LDCT.

  Mean (SD, range)       SDCT                       LDCT                     *P*
  ---------------------- -------------------------- ------------------------ ---------
  Tube current (mA)      281.2 (83.8, 113--498)     124.1 (25.9, 78--188)    \<0.001
  Diameter (mm)          6.5 (4.8, 2--35)           6.5 (4.8, 2--35)         1.00
  Stone density (HU)     470.1 (245.6, 125--1223)   512.9 (276, 142--1234)   0.89
  Radiation dose (mSv)   10.3 (3.5, 4.2--14.7)      4.7 (1.5, 1.7--7.5)      0.004

HU, Hounsfield unit.
